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PURPOSE: To improve the yield and the 
reliability by eliminating the disturbance of a 
normal operation even if spherical fine particles 
for forming an adhered part are introduced into 



an air gap. 

CONSTITUTION: An upper stopper board 5 and 
a lower stopper board 6 formed at an engaged 
part 7 of a sensor chip side are adhered via 
adhering parts 8 to the upper and lower surfaces 
of a sensor chip 1 having a weight 2 and a beam 
3 for supporting the weight 2. The parts 8 are 




formed of spherical fine particles having uniform 
particle size and adhesive. A distance between 
the chip 1 and the boards 5, 6 is determined 
according to the diameter of the particle. 
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Summary. 

• 

(57) [Abstract] 

[Objects of the Invention] Even if the globular form particle which constitutes jointing may 
"advance into an opening, as normal operation is not barred, improvement in the yield and 
* reliability is aimed at. 

[Elements of the Invention] The up stopper substrate 5 and the lower stopper substrate 6 with 
.which the sensor tip side is engraved and by which the lump section 7 was formed in the vertical 
side of the sensor chip 1 which has the weight section 2 and the beam section 3 which supports 
this are pasted up through jointing 8. Jointing 8 is formed by the globular form particle and 
adhesives of a uniform particle size, and the distance between the sensor chip 1 , the stopper 
substrate 5, and 6 is determined by the diameter of a globular form particle. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A sensor chip equipped with the weight section and at least two beam sections which 
support this. Two stopper substrates which paste the vertical side of this sensor chip and 
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regulate the movement of the vertical direction of the aforementioned weight section. It is the 
semiconductor acceleration sensor equipped with the above, and is characterized by for the 
aforementioned stopper substrate having intervened the spherical particle with a uniform 
diameter, and having pasted it up on the aforementioned sensor chip, and engraving the vertical 
side of the weight section of the aforementioned sensor substrate or the undersurface of an up 
• stopper substrate, and the upper surface of a lower stopper substrate, and forming the lump 
section. 

[Claim 2] It is the semiconductor acceleration sensor according to claim 1 characterized by 
being larger than the maximum serious grade of the aforementioned weight section 
corresponding to the maximum of the acceleration which should carve and should measure the 
depth of the lump section formed in the vertical side of the weight section of the aforementioned 
■sensor substrate or the undersurface of an up stopper substrate, and the upper surface of a 
lower stopper substrate what minute. 

[Claim 3] It is the semiconductor acceleration sensor according to claim 1 characterized by 
carving and setting the sum of the lump depth and the diameter of the aforementioned spherical 
particle as the value which was formed in the vertical side of the weight section of the 
aforementioned sensor substrate or the undersurface of an up stopper substrate, and the upper 
surface of a lower stopper substrate, and which suppresses resonance of the aforementioned 
weight section. 

[Claim 4] the aforementioned spherical particle — the product made from a rigid plastic — it is - 
- the aforementioned jointing — adhesives — the aforementioned spherical particle — more 
than 1.0wt% — the semiconductor acceleration sensor according to claim 1 characterized by 
being formed of what was added 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the composition of the opening section 
secured to the upper and lower sides of the weight section about a semiconductor acceleration 
sensor. 
[0002] 

[Description of the Prior Art] A semiconductor acceleration sensor is an element which detects 
acceleration using the piezoresistance of a semiconductor, and is widely used in the mobile etc. 
Drawing 8 is the cross section showing an example of the semiconductor acceleration sensor of 
this kind former, and this is indicated by JP,5~41 148,A (this is hereafter called 1st conventional 
example). In this conventional example, as shown in drawing 8 , the up stopper substrate 5 and 
the lower stopper substrate 6 have pasted the upper and lower sides of the sensor chip 1 in 
which the weight section 2 and the beam section 3 which supports this from both sides were 
formed, through jointing 8. 
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[0003] In order to guarantee the free movement of the weight section 2, and in order to prevent 
destruction of the beam section 3 by excessive vibration of the weight section 2, the very small 
openings 9 and 10 are formed among these stopper substrates 5 and 6 and weight sections 2. In 
order to secure this interval needed, the jointing 8 which pastes up the stopper substrates 5 and 
6 on the sensor chip 1 is formed of what mixed the spherical particle of a uniform diameter in 

- adhesives. These stopper substrates 5 and 6 are formed mainly using a silicon substrate. 
[0004] In order for the example shown in drawin g 9 to have been indicated by JP,4-274005,A and 
to secure the openings 9 and 10 required [ between the weight section 2 of the sensor chip 1, 
and the stopper substrates 5 and 6 ] of this conventional example (this is hereafter called 2nd 
conventional example), only the thickness of these openings 9 and 10 is investigated to the field 
pasted up on the sensor chip 1 of the stopper substrates 5 and 6, and processing is given. 

-[0005] Moreover, in adhesion, adhesion between substrates is performed using methods, such as 
a required shell which makes thickness of adhesion as thin as possible, electrostatic adhesion, 
golden-silicon eutectic bonding, and golden-gold-diffusion junction. A Pyrex glass, silicon, etc. 
are used as a material of these stopper substrates 5 and 6. 
[0006] 

[Problem(s) to be Solved by the Invention] In the 1 st conventional example mentioned above, 
since the gap of a stopper substrate and the weight section is secured only by the spherical 
particle in jointing, when a spherical particle trespasses upon the gap of a stopper substrate and 
the weight section, vibration of the weight section is checked and it becomes a defective. 
Moreover, since it stops operating normally when a spherical particle invades in a gap while the 
semiconductor acceleration sensor used it, it may be connected with serious accident. That is, in 
the thing of the 1st conventional example, there was a fault that reservation of reliability with 
sufficient difficult raising the yield was difficult. 

[0007] Moreover, in the 2nd conventional example shown in drawing 9 f since the interval of a 
stopper substrate and the weight section is secured only by processing to a stopper substrate, it 
carves, the amount of lumps increases, and it is easy to generate dispersion in the thickness 
between the inside of a field, or a wafer, and is easy to produce dispersion in a property. 
Therefore, there is a fault that quite highly precise processing technology is needed, and 
reservation of sufficient performance is difficult. Moreover, in pasting up by electrostatic 
adhesion, heat treatment in an elevated temperature is needed the outside for which difficult 
processing of forming a flat joint to a substrate with puncturing or a crevice is needed. Moreover, 
since formation of the golden pattern for adhesion was needed in adopting golden-silicon 
eutectic combination and golden-gold-diffusion combination, there was a fault that a process 
became complicated. 

[0008] It is enabling it to offer the semiconductor acceleration sensor which can manufacture by 
the high yield and can secure sufficient reliability by making this invention in view of such a 
situation, and the purpose's raising the gap precision of a stopper substrate and the weight 
section, and removing the oscillating prevention factor of the weight section. 
[0009] 

[Means for Solving the Problem] The sensor chip which is equipped with the weight section (2) 
and at least two beam sections (3) which support this according to this invention in order to 
attain the above-mentioned purpose (1), In the semiconductor acceleration sensor which has 
two stopper substrates (5 6) which paste the vertical side of this sensor chip and regulate the 
movement of the vertical direction of the aforementioned weight section The aforementioned 
stopper substrate intervened the spherical particle (1 1) with a uniform diameter, and is pasted up 
on the aforementioned sensor chip. And semiconductor acceleration sensor ** in which the 
vertical side of the weight section of the aforementioned sensor substrate or the inferior surface 
of tongue of an up stopper substrate, and the upper surface of a lower stopper substrate are 
engraved, and (7) is formed is offered. 
[0010] 

[Example] Next, the example of this invention is explained with reference to a drawing. 

[1st example] drawing 1 is the perspective diagram of the semiconductor acceleration sensor in 

which the 1st example of this invention is shown. As shown in drawing 1 , the up stopper 
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substrate 5 and the lower stopper substrate 6 have pasted the vertical side of the sensor chip 1 
by jointing 8, respectively. These stopper substrates 5 and 6 are'formed using the silicon board. 
[001 1] The plan and bottom view of the sensor chip 1 are shown in drawin g 2 (a) and (b). As 
shown in drawin g 2 , the apertures 4a and 4b which penetrate a substrate by etching processing 
are formed in the sensor chip 1 in this example. In drawin g 2 (b), the portion shown in ****** is 

• a portion low made by etching, and a part for the substrate center section left behind by this 
etching processing is made by the weight section 2. Moreover, the closing-in section inserted 

Jnto Apertures 4a and 4b is made by the beam section 3. Although illustration is omitted, every 
(the sensor chip 1 whole eight pieces) two piezoresistances are formed in each **** 3, 
respectively so that the boundary line of the beam section may be straddled. 
[0012] The bottom view of the up stopper substrate 5 and the plan of the lower stopper 

-substrate 6 are shown in drawing 3 (a) and (b). As shown in drawing 3 , in this example, the up 
stopper substrate 5 and the lower stopper substrate 6 are engraved by etching processing, 
respectively, and the lump section 7 is formed. 

[0013] The cross section in A-A' of drawing 1 is shown in drawing 4 (this cross-section position 
is shown by A-A' also in drawing 2 and drawing 3 ). As shown in drawing 4 , between the weight 
section 2 of the sensor chip 1, the up stopper substrate 5, and the lower stopper substrate 6, 
the openings 9 and 10 of a predetermined interval (for example, 10-15 micrometers) are formed. 
The interval of these openings 9 and 10 is determined by the sum of the height of jointing 8, and 
the depth of the engraving lump section 7 formed in the stopper substrates 5 and 6. The stopper 
substrates 5 and 6 regulated the movement of the weight section 2 within the limits of these 
openings 9 and 10, and have prevented destruction of the beam section 3 by excessive vibration 
of the weight section 2. 

[0014] Drawin g 5 is the jointing 8 of drawing 4 , and the elements on larger scale of two portions 
which carve and contain the lump section 7. Jointing 8 is constituted by adhesives 12 and the 
spherical particle 1 1 of the uniform diameter distributed in this as shown in drawing 5 . And the 
interval between the sense chip 1 and the stopper substrates 5 and 6 is determined by the 
diameter of this spherical particle 1 1. Therefore, the interval of openings 9 and 10 will be carved 
with the diameter of the spherical particle 1 1 distributed by these adhesives 12, and will be 
determined by the depth of the lump section 7. The spherical particle 1 1 used here is formed of 
the rigid plastic. 

[0015] It depends for thickness dispersion of jointing within a wafer side on the addition to the 
adhesives of the spherical particle 1 1 greatly. According to the experimental result, when it was 
going to suppress thickness dispersion of jointing within a wafer side within 1.0%, more than 
1 .0wt%, then this were able to be attained for the addition of the spherical particle 1 1 , for 
example. 

[0016] In the semiconductor acceleration sensor of this example, by relation between the weight 
(for example, 4-6g) of the weight section 2, and the surface area (for example, 5~7mm2) of the 
weight section 2 for the sensor chip 1 the maximum of the weight section in operating range (for 
example, 0-40G) — a variation rate — an amount (for example, 2-4 micrometers) is determined 
— having — carving — the depth of the lump section 7 — this maximum — a variation rate — 
it is set up so that it may become large what minute from an amount grade or it 
[0017] Moreover, the size (distance between weight section-stopper substrates) of openings 9 
and 10 is set as the size (for example, 12-16 micrometers) of the range which prevents 
resonance of the weight section 2 in operating range. Resonance is suppressed by receiving the 
damping effect by the viscosity of air near the maximum of an amplitude. When the size of 
openings 9 and 10 is set up as mentioned above, it carves and the path of a spherical particle is 
determined as 10-12 micrometers with the depth (for example, 2-4micro) of the lump section 7. 
[0018] Even when a spherical particle trespasses upon the gap of a stopper substrate and the 
weight section by determining the size of each part as mentioned above, it can avoid checking 
vibration of the weight section. Moreover, since the portions which a spherical particle occupies 
in the space of openings 9 and 10 though a metaphor spherical particle invades are very few, it is 
in operating range, and to the weight section, there is no viscosity of air and it can guarantee 
linear operation within specification measuring range to be a bird clapper greatly. 
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[0019] Moreover, if it is the thing of the size below a spherical particle grade even if dust may 
invade in an opening, it will become possible for normal operatiorf not to be checked by the same 
reason as the above, and to treat as an excellent article, consequently, the manufacture yield 
was able to be markedly boiled from 10 conventional to 70%, and it has improved Furthermore, 
though foreign matters, such as a spherical particle which separated from jointing, invade while in 

• use, trouble cannot be caused to operation, and operational reliability can be raised. 
[0020] Next, the manufacture method of a stopper substrate is explained with reference to 
drawin g 6 . Drawing 6 (a) - (g) is the order cross section of a process for explaining the 
manufacture method of the up stopper substrate 5 (or lower stopper substrate 6). First, it is 
Si02 by thermal oxidation etc. to the front face of a silicon wafer 13. A film 14 is formed 
[ drawing 6 (a)]. Next, a photoresist 15 is applied on it and patterning of the photoresist 15 is 

-carried out according to [ drawing 6 (b)] exposure / development process [ drawing 6 (c)]. Next, 
this photoresist 15 is used as a mask and it is Si02. A film 14 is **********ed, ablation removal 
of [ drawing 6 (d)], then the photoresist 15 is carried out, and it is Si02. A film 14 is exposed 
[ drawing 6 (e)]. 

[0021] Next, left-behind Si02 A film 14 is used as a mask, for example, it etches by the wet 
method, and carves, and the lump section 7 is formed [drawing 6 (f)]. Si02 finally used as a mask 
If a film 14 is removed, the up stopper substrate 5 (lower stopper substrate 6) will be completed 
[drawing 6 (g)]. As mentioned above, although it carves and the lump section is formed of etching 
processing by the wet method, the process tolerance is not so high. Therefore, dispersion in the 
depth between the wafers in a field becomes large. However, in this invention, since an opening 9 
and the 10 whole are not formed by etching, but the part carves and only the lump section is 
formed by etching, dispersion in the depth can be suppressed to minimum and the precision of 
an opening 9 and the 10 whole can be raised as a result. 

[0022] [2nd example] drawing 7 is the cross section showing the 2nd example of this invention. 
In this drawing, the same reference number is given to the portion of the 1st example shown in 
drawing 4 , and a common portion, and the overlapping explanation is omitted. The point which is 
different from the 1st example of this example is a point which replaced with carving and forming 
the lump section 7 in stopper substrate 5 and 6 side, and was formed in the vertical side of the 
sensor chip 1. Even if it does in this way, the same effect as a previous example can be 
acquired. 
[0023] 

[Effect of the Invention] As explained above, the semiconductor acceleration sensor by this 
invention Since the opening between the weight section of a sensor chip and a stopper substrate 
is formed by the engraving lump section and jointing to a stopper substrate or a sensor chip 
Even if the spherical particle and dust which constitute jointing may invade during manufacture 
or use to the opening section, vibration of the weight section is not checked by this and the 
manufacture yield and reliability can be raised as a result. Moreover, the depth of the engraving 
lump section formed by etching can be made shallow, and the precision of the size of the 
opening section can be raised. Therefore, according to this invention, it becomes possible to 
offer a reliable highly efficient acceleration sensor cheaply. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
m [ Drawing 1] The perspective diagram of the 1 st example of this invention. 
[ Drawing 2 ] The plan and bottom view of a sensor chip which are used in the 1st example of this 
invention. 

^[ Drawing 3 ] The bottom view of an up stopper substrate used in the 1st example of this 
"invention, and the plan of a lower stopper substrate. 
[ Drawing 4 ] The cross section in the A-A' line of drawing 1 . 
. [Drawing 5] Elements on larger scale of drawin g 4 . 

[Drawing 6] The order cross section of a process for explaining the manufacture method of the 
up stopper substrate used in the 1st example of this invention, and a lower stopper substrate. 
[Drawing 7] The cross section of the 2nd example of this invention. 
[Drawing 8] The cross section of the 1st conventional example. 
[Drawing 9] The cross section of the 2nd conventional example. 
[Description of Notations] 

1 Sensor Chip 

2 Weight Section 

3 Beam Section 
4a, 4b Aperture 

5 Up Stopper Substrate 

6 Lower Stopper Substrate 

7 Carve and it is Lump Section. 

8 Jointing 

9 Ten Opening 

11 Spherical Particle 

12 Adhesives 

13 Silicon Wafer 

14 Si02 Film 

15 Photoresist 
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DRAWINGS 



[Drawing 1] 
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[Drawing 8] 
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Bj&znftmr)&fr&7<Dm2h<Dmz&^x&fe2n 

^t>0«B5 2©»€r&a«U 2 
[0 0 14] i5H H4©SS»fiB8*J;tf 2^©»D 
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4 

[0015] v^}\mmz&ttz>W6&<omw**>'D% 

[0 0 16] *SI««©*»*llDaSir>-tf^*3ViT 
i2>^yyi{c*W«^feD«2<Z)«S (#JxJ;£ 
4-62^A) i:^t>Og!$2C7)^Mia («Atf5-7m 
m 2 ) <DMmz&?). MflMBH (#J*Ji0~4 0G) T 

[0 0 17] ^|Sg9> 1 0<£>;*:#2 (*5t>0 88- 

^hy^SSKEH) tt»fP«HT<D*t>D«2<0*S 
20 £B&ifc-r*«6H<B;*:*;* (Mtfl2-16Mm) (CIS 

*^>K>yj»*&fi»*c:i:K,toai«isn*, sib 

9, 1 0O**SftJ:BfiDJ:5fcWeb&t«, 
©gttWAtf 1 0-1 2wmi^tl^ 

[0018] ftas^trssiE^a^g-rsct 

fc«ALfc»&-C*>, *36 9a®«fttfB*3tiftfr>J: 
5 «««16?WSAL 

[0 0 19] ^KrtfCfi^SAT^Jl^^oT 

[0 0 2 0] ^CfC, 0 6S:#^LTXh>y/^SS©»ji 
JSrttlC^HTRWr*. ^6 (a) - (g) tt, _hg|$X 

Di/M 3CD*HHCl»»fl:*fcJ:0S i O2 mi 
*t5 CIS 6 (a) ] o *®±lC7*M^^h 

15^1 me (b) j , nut -atitcto? 

thV^XM 5^/^^-x>^-T5 (c) J . 

5^ ^©7^- hl/yX h 1 5 ^YX^CLtS i O2 
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(4) 

5 

mi 4£Xy^>^L C0 6 (d) ] , tt^T, y* h 
l/^M5**liBSU S i O2 Rl 4£®ffi£-& 
3 C06 (e) ) o 

[0021] vk\z, mznrzs 1O2 mi 4^x^\z 

7 C06 (f) ] o TX^il 

& 5 (Tf»Xh»yASK6) tf^JKTS C0 6 
(g) ] . ±m<0£?\Z. «Da*»4«A«»>Xy h 
ttlcJ;*xy^>4r»xCJ:0»l«an***©lBlX*l if 

Ttt, , £«9, 1 0£#£Xy^>^fc£oT?Bj5ST 
[0 0 2 2] [fg2<B|feK«] H7H *^Ol2W 

[0 0 2 3] 



<&Pl¥8-2 3 3 8 5 1 

xy^^yjcioTjsar^ieoa**©* 

Hi] *5£^<o* 1 o>*ifi«y<z)««H« 

[1^2] *»wojmo*«i«*c*vjTffl^6n*-fe> 

it^ 1 y :/cd±B0 <hTM0o 

[S3] 1 oias«l:i5ViTfflv^n§±» 

[04] 01 OA- A' JTCOBrffiH. 

[05] 04oafr&*0« 

[0 6] *5SIHOBlO*««tC*3^TfflViSn<&±ffi 

[0 7] **^O»2©S6tt«COBfffi0. 
[0 8] fg l coO*«OOWfffi0. 
[0 9] JB2 0figK«ga)WBH. 

1 ir>it^^^ 

2 *3*>DgB 
3 

4 a, 4b 5B?Lg& 

5 ±tt*h*naM 

6 T*^hy/raW 
7 

8 SSSR 
9,10 £Bi 

1 1 *tt«je^ 

1 2 mmn 

13 y'J^^xA 

14 s i 02 m 

15 7^hl/^h 



[01] [02] 




6- TS&XhvAaSsK 



4a,4b- H9L« 
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Cb) 



[05] 



11 ,12 



7 ,3 
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(a) si**** yyy/yx i^ 

(b) PR£:fr 
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Z^13 
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Q 

(e) L^ham [/"// 



^4 
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o 

<fl) BtttKlft* P7//7^l -13 



t3 ■■• >U~i>Oxy\ 

14-SIQsM 

15 * 7*M^5?:*h 
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